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Abstract 
The static and cyclic interlaminar shear stress behaviors of two composites have been compared in this study. One with a 
Unifilo® MAT layer [02/ܷ݊ଓ݂ଓ݈݋തതതതതതതതതത]S, and the other one without it [02]S. Short-beam tests were conducted following ASTM D2344-
00 standards for static tests. For fatigue tests, as there are no standardized procedures, proposals from several authors were 
considered, choosing the configuration previously used in static testing. Tests were performed at 1 Hz frequency and sinusoidal 
waveforms were employed. S-N curves were obtained for stress ratios R of 0.1, 0.2 and 0.5 up to 106 cycles and partial CAL 
(Constant Amplitude Life-time) diagrams were built. 
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Nomenclature 
b specimen width; 
h specimen thickness; 
Sn-1 sample standard deviation;  
x  sample mean (average); 
CV sample coefficient of variation, %; 
Fsbs short-beam strength; 
τsbs instantaneous interlaminar shear stress; 
τsbs min maximum interlaminar shear stress observed in a cycle; 
τsbs max minimum interlaminar shear stress observed in a cycle; 
τa stress amplitude; 
τm mean stress; 
N cycles of life; 
P load observed during the static test; 
P(i) instantaneous load observed during the fatigue test. 
1. Introduction 
Fiber and matrix materials, manufacturing method, type of laminate, orientation and stacking are some of the 
most considered variables that are taken into account in the manufacturing of laminate composites. MAT is a type of 
lamina of fibrous materials which consist of randomly oriented filaments, chopped or swirling, held together by a 
binder. A group of this family is made of continuous filaments. The Unifilo® is a MAT of this group consisting of 
glass continuous strand mat of random orientation in multiple layers, Owens Corning (2013). Megawatt turbine 
blades make use of this material in the surface layers of the blades and, sometimes, it is employed as a marker that 
helps display the layers in glass fiber reinforced polymer (GFRP) laminate of significant thickness. 
Blades are subjected to loads that produce static and cyclic interlaminar shear stresses. Interlaminar shear fatigue 
has not been much studied in composite blade materials and no work was found studying MAT sheet effects on this 
situation. Anisotropy in laminated composite materials leads to more complex studies of the materials at the moment 
of application in the project of components and structures. Static and fatigue interlaminar shear stresses require much 
attention because they can be the cause of failure of components, Harris (2003).  
Several static tests have been proposed to produce an approximate uniform state of interlaminar shear stress 
Berger et al. (1977), Chaterjee et al. (1993), Lessard et al. (1997), Tarnopol’skii and Kulakov (2001), DeTeresa et al. 
(2004), some of which have been standardized as ISO 14130:1997 (1998), ASTM D3846-02 (2002), ASTM D2344-
00 (2006) and ASTM D5379-12 (2012). There are several methodologies for interlaminar shear fatigue tests 
proposed by different authors as Byron Pipes (1974), Green and Pratt (1975), Phillips and Scott (1977), Shokrieh 
and Lessard (1998), Degallaix et al. (2002) and May and Hallett (2010), but none of them have reached a consensus 
to be standardized, so that all proposals need to be analyzed thoroughly before selecting one. 
  
Fig. 1(a) Short-beam shear test device and specimen; (b) Double Notch Shear test device and specimen. 
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The short-beam shear test (SBST) used in ASTM D2344/D2344M-00 (2006) and ISO 14130:1997 (1998) is 
shown in Fig. 1(a). The specimen is a beam subjected to three-point bending with a spam length-to-specimen 
thickness ratio (4 to 5) to prevent prior compressive or tensile failure of external layers. Specimens have simple 
geometry and consume little material, so that the test cost is low compared to other proposals. The test device 
consists of two supported rolls and a loading nose centered between these, with their axes parallel. Based on the 
classical beam theory, shear stresses along specimen thickness have a parabolic distribution with a maximum on the 
neutral axis and zero values over upper and lower surfaces, Timoshenko and Goodier (1951). However, this model 
differs from solutions obtained by Whitney and Browning (1985) using finite element methods. Localized failure 
can occur near loading nose due to stress concentration. Adams and Lewis (1995) indicated that this effect is reduced 
with a proper selection of the loading nose and supports diameters. Stress distribution is not uniform along neutral 
axis due to load application points and is not uniform across the width of the specimen. For these and other reasons, 
the interlaminar shear strength is often overestimated under the assumption of a parabolic shear stresses distribution 
along the height of the specimen, Chaterjee et al. (1993). Several authors as Byron Pipes (1974), Green and Pratt 
(1975), Roudet et al. (2002) and May and Hallett (2010) have used SBST for interlaminar shear fatigue tests. Bevan 
(1977) proposed modifications in the conventional test device to reverse shear stress sign and obtain stress ratio 
between -1<R<0. The SBST can be widely used to compare materials or quality control and is currently the most 
popular static tests for interlaminar shear strength determination, Adams et al. (2003). 
The double-notch shear test (DNST) is shown in Fig.1 (b). Their specifications for static tests are given by ASTM 
D3846-02 (2002). The specimen requires more material than the SBST and additional cut of the two notches. Tensile 
loads produce bending in the specimen; therefore, compression loads are employed with a guide device to prevent 
buckling. Furthermore, in unidirectional laminate, transverse strength is generally lower in tension than in 
compression. This limitation of tensile loads restricts the method to shear stresses of the same sign, preventing stress 
relations between -1<R<0. The orientations of the laminates that can be employed are limited as shown Shokrieh and 
Lessard (1998). According to results of the comparison between SBST and DNST obtained by May and Hallet 
(2010), the initiation fatigue damage period is lower for DNST than SBST. Authors attributed this difference 
principally to the notches in DNST. 
The cubic test (CT) used by Degallaix et al. (2002) is shown schematically in Fig. 2. This specimen requires a 
specimen thickness at least 3 times larger than that recommended for DNST and SBST. Specimen geometry is 
simple and does not require notches as in the case of SBST specimen. The sign of the shear stresses can reverse and 
stress ratios between -1 <R <1 can be obtained. Further studies are required to understand the state of stress that 
develops in the specimen due to bending during testing, as well as stresses in the specimen boundaries. The method 
can be useful to compare the fatigue behavior of laminates of significant thickness. 
The objective of this study is to compare the influence of Unifilo layers in GFRP laminates under interlaminar 
shear stresses in static and fatigue conditions by using the Short Beam Shear Test. 
Fig.  2. Scheme of Cubic Test device and specimen. 
142   H. Kotik and J. Perez Ipiña /  Procedia Materials Science  8 ( 2015 )  139 – 147 
 
2. Materials and Method 
The materials used in this investigation were two panels produced by infusion using a commercial 
dicyclopentadiene polyester resin matrix and E-glass fiber reinforcements.  The plies lay-up were [02]S and ሾͲଶȀ
ܷ݊ଓ݂ଓ݈݋തതതതതതതതതതሿS. The thicknesses of the panels were 3 and 4 mm respectively. The specimens were obtained by cutting of 
the composite plates with diamond saw cooled with ethyl alcohol. Specimen dimension were obtained from ASTM 
D2344/D2344M-00 (2006). 
Static tests were performed according to ASTM D2344/D2344M-00 (2006) employing a universal testing 
machine EMIC DL 2000.   
The fatigue machine employed is shown in Fig. 3. This machine performs fatigue tests under constant amplitude 
load cycles as can be seen in Patch et al. (2012). 1 Hz frequency test was adopted to minimize specimen heating in 
fatigue cycles. 
A short-beam device was employed with a spam between supports of 4 times the thickness. The failure criterion 
adopted was a specimen stiffness loss of 10%. Fatigue tests were carried out up to failure or to approximately 106 
cycles in cases of no failure. The static interlaminar shear strength was calculated according to equation (1) 
assuming a parabolic stress distribution in the thickness, reaching the maximum value on the neutral axis of the 
beam. In fatigue, the instantaneous interlaminar shear stress was obtained for the neutral axis of the beam in equation 
(2). 
 
(1) 
 
 
 
(2) 
 
The stress-ratio R was estimated according to equation (3). Expressions for stress amplitude and mean stress are 
shown in equations (4) and (5) respectively. 
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Fig.  3. Constant load fatigue machine employed 
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Five specimens were tested for each amplitude level and R value of interlaminar shear stress between 103 and 106 
cycles. In cases where there was a fatigue life greater than 106 cycles, only three specimens were tested. When 
samples exceeded 106 cycles tests were stopped. 3 to 6 amplitude stress levels were tested for each R value. 
3. Results 
Six specimens of each material were tested to obtain Fsbs in static tests. All the specimens exhibited interlaminar 
shear failure mode. Test results are shown in Table 1.   
Table 1. Static test results Fsbs. 
Material ሾͲଶሿ௦ ሾͲଶȀܷ݊ଓ݂ଓ݈݋തതതതതതതതതതሿ௦ 
തܺ [MPa] 48.99 42.45 
S [MPa] 0.28 2.40 
CV [%] 0.57 5.65 
 
Fig. 4 (a) shows S-N curves or Whöler curves of material without Unifilo layer [02]S. Amplitude of shear stress is 
plotted in ordinate and the logarithm of life cycles N in the abscissa. Fig. 4 (b) shows a comparison of τsbs for R=0.1, 
0.2, 0.5 at 106 cycles and static results. 
 Fig. 5 (a) shows S-N curves or Whöler curves of material with Unifilo layer ൣͲଶȀܷ݊ଓ݂ଓ݈݋തതതതതതതതതത൧S. Amplitude of shear 
stress is plotted in ordinate and the logarithm of life cycles N in the abscissa. Fig. 5 (b) shows a comparison of τsbs 
for R=0.1, 0.2, 0.5 at 106 cycles and static results. 
2
maxmin sbssbs
m
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Fig.  4. (a) S-N curves for R=0.1, 0.2 and 0.5; (b) Comparison of τsbs at 106 cycles for R=0.1, 0.2 and 0.5 and static results. 
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Fig. 6 (a) shows partial CAL diagrams of the two materials built with S-N curve data. Dotted lines correspond to 
ൣͲଶȀܷ݊ଓ݂ଓ݈݋തതതതതതതതതത൧S and solid lines to [02]S. Fig. 6 (b) shows a comparison of τsbs for  R = 0.1, 0.2, 0.5 at 106 cycles and 
static results. 
 
Fig.  5. (a)  S-N curves for R=0.1, 0.2 and 0.5; (b) Comparison of τsbs for R=0.1, 0.2, 0.5 at 106 cycles and static results.  
Fig.  6. (a) Partial CAL (Constant Amplitude Life-time) diagrams obtained for [02]S and [02/ܷ݊ଓ݂ଓ݈݋തതതതതതതതതത]S; (b) Comparison of τsbs for  R=0.1, 0.2, 0.5 
at 106 cycles and static results of both materials. 
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The damage in specimens, which corresponds to areas of lower translucency, is shown in the photographs of Fig. 
7. Small voids in Unifilo layer were observed in some ൣͲଶȀܷ݊ଓ݂ଓ݈݋തതതതതതതതതത൧S specimens, but not in unidirectional layers of 
material. One of these voids on the surface of the specimen can be seen in Fig. 8. 
4. Discussion 
The SBST was employed in static and fatigue tests obtaining the short-beam strength and S-N curves for 
interlaminar shear stress. This test was selected instead of other proposals because its simplicity, as well as the 
easiness of sample and device preparation. Little material was used for prepare 65 specimens of each material. 
Partial CAL diagrams could be built with R= 0.1, 0.2 and 0.5. 
  Static results showed a significant difference in short-beam strength. The [02]S laminate have the greatest value 
of strength and the smallest scatter in result. 
As might be expected, the fatigue life of the samples decreased as the mean shear stress was increased for equal 
amplitude of shear stress. Constant life curves are lower for ൣͲଶȀܷ݊ଓ݂ଓ݈݋തതതതതതതതതത൧S as can be observed in Fig. 6 (a). Under 
the hypothesis of orthotropic material this CAL diagram may be considered symmetric with respect to the ordinate 
axis. 
The mechanisms of failure in both materials were principally interlaminar shear. Localized damage was observed 
in areas close to loading nose and in some case near the supports. This effect was observed in both materials (see 
Fig. 7) and is also reported by Adams and Lewis (1995) and Roudet et al. (2002). Visual inspection of the specimen 
Fig. 7. Damage areas in (a) specimen without Unifilo and (b) specimen with Unifilo layer . 
Fig. 8. Void in the surface of a specimen with Unifilo layer. 
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during the test showed that the change in translucency appeared close to the failure. The loss of stiffness was a good 
index of damage in the specimen. Scatter in fatigue results was one order of magnitude in both specimens. The 
scatter appears to be greater for R=0.5 than for the other values.   
The voids present in some specimens with Unifilo may have led to larger dispersion in static results and also to 
reduce the initiation period in the fatigue life. 
More than 5500 hours of testing were employed due to the low frequency employed. These long periods of 
testing with low energy consumption justifies the use of constant load fatigue machine by springs over other 
machines.  
Tests with -1 <R< 0 in order to complete CAL diagrams are planned for future works. On the other hand, studies 
about the influence of frequency in interlaminar shear fatigue are under development in order to evaluate the 
possibility to reduce the tests time, Degrieck and Van Paepegem (2001).     
5. Conclusions 
The Short-Beam Shear Test was appropriate for comparing two materials under interlaminar shear stress fatigue. 
Partial CAL diagrams were determinate for [02]S and ൣͲଶȀܷ݊ଓ݂ଓ݈݋തതതതതതതതതത൧S laminates. A decrease in interlaminar shear 
strength in the fatigue test for R= 0.1, 0.2 and 0.5, as well as in static tests was observed in the composite with a 
Unifilo layer. Porosity was observed in Unifilo layers. 
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